Objectives-To assess the relative value of electrocardiographic, echocardiographic, angiographic, and in-hospital therapeutic indices for predicting late functional recovery after acute myocardial infarction, and to determine the variables associated with absence of recovery, partial recovery, and full recovery. Design-Prospective observational follow up study. Setting-Teaching hospital. Patients-74 consecutive patients with a first uncomplicated acute myocardial infarct. Interventions-Dobutamine-atropine stress echocardiography was performed mean (SD) 5 (2) days after the acute event. Quantitative angiography was available in all patients before hospital discharge. A follow up resting echocardiogram was obtained 12 (2) months later. Results-Functional recovery (partial, n = 18; full, n = 27) was observed in 45 of the 74 patients. Recovery was associated with earlier thrombolytic treatment (p = 0.008), earlier peak concentration of creatine kinase (p = 0.009), greater contractile reserve (p = 0.0001), non-Q wave acute myocardial infarction (p = 0.002), and more frequent elective angioplasty of the infarct related vessel (p = 0.0004). Three independent variables were selected stepwise from multivariate analysis for predicting late recovery: contractile reserve ( 2 = 24.2, p < 0.0001); non-Q wave infarction ( 2 = 15.7, p = 0.0001); and the time from symptom onset to thrombolysis ( 2 = 4.94, p = 0.026). Three independent variables predicted full recovery: contractile reserve ( 2 = 17.2, p = 0.0001); non-Q wave infarction ( 2 = 10.1, p = 0.0016); and elective angioplasty of the infarct related artery ( 2 = 4.53, p = 0.033). Only contractile reserve ( 2 = 17.0, p < 0.001) was selected from the multivariate analysis for its ability to distinguish between partial recovery and absence of recovery. Conclusions-Late recovery of contraction relates to earlier treatment, which is associated with lower infarct size unmasked by a non-Q wave event and the presence of contractile reserve. Elective coronary angioplasty of the infarct related artery before hospital discharge is associated with full recovery. (Heart 2001;85:521-526) 
Several mechanisms can arrest the progression of the wavefront migration of myocardial necrosis after coronary artery occlusion 1 : availability of a recruitable collateral circulation; spontaneous reperfusion; and, more often, early coronary intervention through the use of thrombolytic treatment or primary coronary angioplasty. The extent of myocardial salvage relies on rapid, complete, and sustained coronary recanalisation with adequate myocardial tissue perfusion. 2 Because the endocardial half of the myocardium makes the main contribution to systolic thickening at rest, 3 regional function will only improve or normalise if most of the thickness of the ventricular myocardium has escaped necrosis. 4 Functional recovery can be delayed because of postischaemic dysfunction or recurrent episodes of myocardial ischaemia or stunning. A flow limiting residual stenosis of the infarct related artery is common after acute myocardial infarction. 5 Low residual perfusion or blunted flow reserve may result in hibernating myocardium, with ultrastructural abnormalities including loss of contractile material. 6 Timely revascularisation is required in this condition. Too early follow up may result in underestimation of the extent of possible functional improvement, which can continue to progress.
The time course of functional improvement remains controversial. Although some studies suggest that most improvement occurs within the first days or weeks, 7 other investigations indicate that functional recovery may be delayed for up to several months. 8 9 The incidence, predictors, and determinants of late full recovery have never been studied specifically. This study was undertaken to assess the relative value of electrocardiographic, echocardiographic, angiographic, and in-hospital therapeutic indices for predicting late functional recovery after acute myocardial infarction, and to determine the variables associated with full, partial, or absent recovery.
Methods

STUDY PATIENTS
We enrolled prospectively 96 consecutive patients admitted for a first uncomplicated acute myocardial infarct. The diagnosis of acute myocardial infarction was made on the basis of typical ischaemic chest pain, acute ST segment elevation in two or more leads, and characteristic evolution of serum creatine kinase. We excluded patients with valvar heart disease (n = 1), previous myocardial infarction (n = 5), and contraindications to dobutamine infusion, including postinfarction angina (n = 1), left ventricular failure (n = 1), and major ventricular arrhythmias (n = 1). Two patients died during the follow up and 11 failed to return for follow up echocardiography. The study population consisted of the 74 remaining patients (56 men and 18 women). Their mean (SD) age was 57 (10) years (range 37-85 years). The infarct location on the admission ECG was anterior in 33 patients, lateral in 10, and inferior in 31.
All patients underwent dobutamine stress echocardiography within 5 (2) days after the acute ischaemic event and before coronary angiography. A follow up echocardiogram was obtained 12 (2) months after the infarct.
All patients gave informed consent, and the study protocol was approved by the institutional medical ethics committee.
DOBUTAMINE STRESS ECHOCARDIOGRAPHY
Adrenergic blocking agents were withdrawn 48 hours before the study. Dobutamine was infused intravenously under continuous ECG monitoring by a volumetric pump at initial doses of 5 and 10 µg/kg/min for three minutes each, followed by increments of 10 µg/kg/min every three minutes up to a maximum dose of 40 µg/kg/min. Atropine (0.25 mg to a maximum of 1 mg) was added if the target heart rate (85% of maximum age predicted heart rate) was not obtained with dobutamine only. End points for dobutamine infusion were: maximum dose, target heart rate, limiting chest pain, > 2 mm ST segment depression compared with baseline in two or more leads, new or worsening wall motion abnormalities, significant arrhythmias, severe hypertension (blood pressure > 230/120 mm Hg), or hypotension (decrease in systolic blood pressure > 30 mm Hg). Cross sectional echocardiography was done throughout the test; it was recorded on videotape and digitised on-line on optical disks at rest and during the last minute of each stage. Blood pressure was measured at each stage by arm cuV sphygmomanometry.
ECHOCARDIOGRAPHIC ANALYSIS
All echocardiograms were reviewed by two observers unaware of the clinical data. Semiquantitative analysis of wall thickening was performed using the classical 16 segment model. Wall thickening assessment of each segment was performed using a four point scoring system: 1 = normal wall thickening; 2 = hypokinesia; 3 = akinesia; 4 = dyskinesia. Regional dyssynergy was defined when a score > 2 was assigned to a myocardial segment in two diVerent echocardiographic views. Contractile reserve was defined as an improvement in wall thickening of > 1 grade. A dyskinetic segment (score 4) becoming akinetic (score 3) during stress was not considered viable. The development of new or worsened regional dyssynergy in the infarcted area during dobutamine stress was considered to indicate ischaemia. Four different echocardiographic responses were identified: sustained improvement implied improvement of contractility in dyssynergic segments until peak dose without deterioration; biphasic response was defined as an initial improvement of contractility by > 1 score at low dose dobutamine followed by subsequent worsening at high dose; worsening in adjacent area corresponded to the development of new dyssynergy adjacent to the infarcted zone with no change in the aVected segments; akinesis without change was defined as no change in basal asynergy throughout the test.
FOLLOW UP ECHOCARDIOGRAPHY
Follow up echocardiograms were compared with the corresponding rest image obtained in the acute stage for comparative segmental analysis. Full functional recovery was defined as a normalisation of wall motion and thickening in the aVected area. Partial recovery was defined as persistence of dyssynergy but improvement in wall thickening in at least two contiguous dyssynergic segments (from score 4 or 3 to 2 or 1, and from score 2 to 1).
ANGIOGRAPHY
Quantitative coronary angiography and left ventriculography were performed in all patients within one week of dobutamine stress echocardiography. All coronary stenoses were measured quantitatively using the CMS system. 10 In the presence of > 50% residual diameter stenosis of the infarct related artery, elective percutaneous transluminal coronary angioplasty (PTCA) was performed by an experienced cardiologist unaware of the results of dobutamine stress echocardiography. These results were not used in making the decision to perform PTCA.
STATISTICAL ANALYSIS
Quantitative data are expressed as mean (SD), and percentages are used for categorical findings. Because outcome was defined as an ordinal variable (no recovery (group 1), partial recovery (group 2), and full recovery (group 3)), stepwise ordinal logistic regression (SAS PROC LOGISTIC, version 6.12) was used to assess the predictive power of each variable and to identify the subset of variables that jointly provided the best prediction of outcome. 11 The statistical criterion used in ordinal logistic regression is asymptotically distributed as a 2 test with k + 2 degrees of freedom where k is the number of variables in the model. To highlight factors specifically related to full and partial functional recovery, we performed additional statistical analysis using a stepwise logistic discriminant model. Results are considered significant at p < 0.05.
Results
CLINICAL AND ANGIOGRAPHIC CHARACTERISTICS
No patient was treated by primary PTCA. Fifty five patients (74%) received thrombolytic treatment. Mean (SD) time from symptom onset to thrombolysis was 151 (102) minutes (range 15-720 minutes). Peak creatine kinase (CK) was 1765 (1142) IU/l, and peak creatine kinase MB isoenzyme (CK-MB) was 185 (161) IU/l. Time to peak CK was 13.6 (5.6) hours. Left ventricular ejection fraction was 51 (15)%. The culprit vessel was the left anterior descending coronary artery in 33 patients, the left circumflex coronary artery in 10, and the right coronary artery in 31. Sixteen patients had persistent occlusion of the infarct related artery. Residual stenosis of the patent infarct related artery was 68 (7)%. Forty four patients underwent successful elective PTCA.
DOBUTAMINE ECHOCARDIOGRAPHIC FINDINGS
No complications occurred as a result of dobutamine stress echocardiography. Of the 1184 segments, 250 (21%) were dyssynergic at baseline: 73 were hypokinetic, 167 were akinetic, and 10 dyskinetic. Of these 250 dyssynergic segments, 111 (44%) improved at low dose of dobutamine and 139 (56%) showed new or worsening dyssynergy at high dose. Contractile reserve and residual ischaemia were identified in 39 patients. Sustained improvement was observed in 10 patients, a biphasic response in 29, worsening in adjacent area in 10, and akinesis without change in the 25 remaining patients. Table 1 shows the distribution of dobutamine wall motion responses in the three groups and their relation to angiographic variables. Akinesia without change was more often observed in patients who did not recover (19 of 29, 66%; p < 0.001). In contrast, sustained improvement was not seen in any patient in this group. A biphasic response was more often observed in patients with functional recovery at follow up, particularly in group 2 (12 of 18, 67%) (fig 1) . All 13 patients with a biphasic response and full late recovery underwent elective PTCA before discharge. Full recovery also occurred in five patients who had persistent akinesia during the early stress test. Three of these five patients had an occluded infarct related artery with collaterals, and two had severe (> 70%) residual stenosis and low minimum lumen diameter (0.66 mm and 0.70 mm, respectively). Elective PTCA was successful in all five patients.
DISTINCTION BETWEEN PATIENTS WITH AND WITHOUT FUNCTIONAL RECOVERY
A comparison between patients with and without late functional recovery is shown in table 2. There were no significant associations between outcome and age, sex, site of infarction, thrombolytic treatment, echocardiographic score index at baseline, residual stenosis, and minimum lumen diameter of the infarct related artery. Time from symptom onset to thrombolytic treatment was shorter (p = 0.008) in patients with full recovery, and such patients were more likely to have non-Q wave infarction (p = 0.002). Peak concentration of CK was higher (p = 0.008) and occurred later (p = 0.009) in patients without recovery. Contractile reserve was most often observed in patients with recovery, either partial or full (p = 0.0001). The incidence of residual ischaemia in the aVected area was not diVerent in the three subgroups. Elective PTCA of the infarct related artery was more often undertaken in patients with recovery, especially in those who recovered fully (22 of 27 patients) (p = 0.0004). Three independent variables distinguishing outcomes were selected from multivariate analysis: contractile reserve ( 2 = 24.2, p < 0.0001); non-Q wave infarction ( 2 = 15.7, p = 0.0001); and time to treatment < 140 minutes ( 2 = 4.9, p = 0.026). The percentage of correct classification was about 78%.
PREDICTORS OF FULL FUNCTIONAL RECOVERY
Three independent variables distinguishing patients with full recovery and those without recovery were selected from logistic discriminant analysis ( 
Discussion
Our study shows that in the present era of thrombolytic treatment, a substantial proportion-more than one third (36%)-of consecutive patients presenting with ST segment elevation in the setting of a first uncomplicated acute myocardial infarction have normal myocardial thickening one year after the acute event.
To our knowledge, this is the first study to distinguish between partial and full recovery of contraction. The patients in whom regional resting function normalised were more likely to have the following: early thrombolytic treatment; a minor degree of necrosis as indicated by a small enzyme rise; an early enzyme peak; a non-Q wave infarct; and contractile reserve inducible by dobutamine infusion. Elective PTCA of the infarct related artery was more often performed in patients with improvement in regional function at one year, and was an independent predictor of full but not partial recovery.
FUNCTIONAL RECOVERY
The major determinant of functional recovery after acute myocardial infarction is the transmural extent of the infarct. The respective proportions of myocardial salvage and necrosis relate to the total time of vessel occlusion and the completeness of reperfusion. 2 12 The time course of recovery depends on the duration and severity of postischaemic myocardial 13 and vascular 14 stunning and on the development and reversal of myocardial hibernation. Too early follow up may result in underestimation of the extent of functional improvement, which can continue to progress. 9 
IMPORTANCE OF EARLY TREATMENT
Several studies have emphasised the importance of the timing of thrombolytic treatment. 12 15 16 Although time of symptom onset and of initiation of thrombolysis does not correspond to vessel occlusion and reperfusion, time to treatment provides an estimate of the total time of coronary occlusion. The concept of the "golden hour" is supported by both experimental and clinical studies. 1 16 In this study, the mean treatment delay was diVerent in the three subgroups, with an interval of 50 minutes between patients who recovered fully (127 minutes) and those who did not recover (177 minutes). Reperfusion causes earlier enzyme release and washout. Earlier peak CK was observed in patients who recovered. In addition, compared with patients without recovery, mean peak CK was significantly lower in patients with partial recovery, and even lower in those with full recovery. Although infarct size was not calculated, these enzyme data indicate that patients who recovered fully had a smaller amount of necrosis. A small acute myocardial infarct often represents an incomplete infarction with myocardium at jeopardy. Both early peak in plasma CK 17 18 and low peak CK 19 20 have previously been found to identify a subset of patients at high late risk, who can benefit from coronary revascularisation.
INFLUENCE OF CORONARY REVASCULARISATION
The need for revascularisation of the culprit lesion to achieve functional recovery of viable myocardium at jeopardy after acute myocardial infarction has been shown previously. 21 22 Most patent infarct related arteries have a significant residual stenosis after thrombolysis. 5 In this study, functional improvement was more common in the patients who underwent revascularisation, and elective PTCA of the infarct related artery was an independent predictor of full recovery at one year. Partial recovery despite elective PTCA probably reflects an admixture of necrotic and viable tissue. Functional improvement did not occur despite PTCA in 10 patients, perhaps because of extensive necrosis at the time of the acute event. Lack of recovery can also be explained by restenosis or reocclusion of the infarct related artery. 23 Many patients have spontaneous improvement in perfusion of the infarcted area, probably as a result of progressive collateral recruitment; this is usually accompanied by late but partial improvement in wall thickening. 9 
ROLE OF DOBUTAMINE STRESS
ECHOCARDIOGRAPHY
Low dose dobutamine stress echocardiography may identify viable but non-contractile myocardium early after acute myocardial infarction and predict reversible dysfunction. 21 24 The infusion of both low and high doses of dobutamine and the observation of a biphasic response-initial improvement of regional thickening followed by deterioration-have been found to predict functional recovery after PTCA in patients with chronic coronary artery disease and ventricular dysfunction. 25 In our Values are mean (SD) or n (%) unless specified otherwise. CK, creatine kinase; PTCA, percutaneous transluminal coronary angioplasty. present study, contractile reserve was detected at low dose in 35 (78%) of the 45 patients with one year recovery. A biphasic response was observed in 25 of these patients, emphasising the importance of identifying viable but jeopardised myocardium. In contrast to the observations of Afridi and colleagues, 25 all 10 patients with sustained improvement in contraction during the dobutamine test recovered partially (three patients) or fully (seven patients). The significance of sustained improvement diVers in the acute and the chronic setting. In the acute setting, sustained improvement corresponds to stunned myocardium than can recover progressively. Akinesis without change throughout the dobutamine test was mainly found in patients who did not recover (73%), but five patients with unchanged wall motion showed full recovery at one year. All five patients were treated by elective PTCA. The absence of any contractile reserve despite an extensive amount of viable myocardium may result from insuYcient myocardial blood flow or flow reserve. The results of this study should be considered in the light of several limitations. Our study group included only patients with small to moderate sized infarcts. Patients who developed early complications were not included, but all patients who presented with ST segment elevation at hospital admission had significant CK release, and had dyssynergy at baseline on the first echocardiogram.
The adequacy and completeness of early reperfusion were not evaluated. Persistent patency or reocclusion of the infarct related artery influence the recovery of contractile function after acute myocardial infarction. 28 Coronary angiography was not repeated at the one year follow up in our study, and therefore reocclusion or restenosis cannot definitively be excluded. However, no clinical signs of ischaemia were present in any of our patients.
Quantitative measurements of the left ventricular volumes and ejection fraction were not obtained, and semiquantitative wall motion interpretation might be a limitation. Nevertheless, serial assessment of echocardiographic regional function is widely validated and accepted as an accurate method after acute myocardial infarction and revascularisation procedures. Although the distinction between hypokinesis and normal contraction may be diYcult, quantitation of myocardial thickening using two dimensional echocardiography is impractical in consecutive patients.
Finally, the time course of functional improvement was not assessed by serial echocardiographic studies.
CONCLUSIONS
Late functional improvement is determined by the integration of several variables. Full recovery of contraction is not rare one year after acute myocardial infarction. Early thrombolytic treatment is a major determinant of extensive myocardial salvage. Elective PTCA of the infarct related vessel before hospital discharge is also associated with full recovery. Dobutamine stress echocardiography is useful for predicting the extent of late functional improvement, but the absence of contractile reserve does not necessarily preclude residual viability and the potential for recovery. Aortography showed severe atherosclerotic alterations of the aortic wall with a focal penetrating ulcer in the infrarenal aorta (A). Intravascular ultrasound (IVUS) examination revealed multiple penetrating aortic ulcers with intramural haematoma formation distal to the origins of the renal arteries extending to the aortic bifurcation (B, C, D). The largest ulcer measured 12 × 6 mm.
In order to prevent potential rupture, a custom made stent graft (Talent, Medtronic) 34 mm in diameter and 90 mm in length (covered) was implanted via the right femoral artery. Postimplantation angiography and IVUS showed complete coverage of the ulcerated lesions (E). The postoperative course of the patient was uneventful during a follow up period of six months.
Recently, penetrating atherosclerotic ulcer of the aorta (class IV dissection) has been identified as a potential precursor of aortic dissection. Intramural haematoma formation, pseudoaneurysm, and even transmural aortic rupture have been described as complications. Based on clinical presentation alone, patients may not be distinguished reliably from those with classic aortic dissection. So far, no generally accepted therapeutic regimen has been established. Endovascular stent graft placement may therefore provide a less invasive alternative to traditional surgery in the treatment of penetrating atherosclerotic ulcers.
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